Abstract: The growth of the ocean quahog Arclica islandica L. was investigated with data from two sites of Kiel Bay, Western Baltic. At the experimental site "Benthosgarten" (BG), length-increment data were obtained from a colonization experiment and from implanted and resampled clams. At the "Millionenviertel" site (MV), clams were caught by dredging. Length-increment data were obtained from annual growth bands formed at the surface of the shell. AVon Bertalanffy growth function was fitted to both data sets. Growth at the BG site (K = 0.35, Leo = 60.6 mm) was different from that at the MV site (K = 0.07, Leo = 93.6 mm).
INTRODUCTION
The ocean quahog Arctica is/andicaL. is widely distributed through the boreal Atlantic and adjacent areas. In the Baltic, the Arkona Sea is the eastern limit of its distribution (Jagnow & Gosselck, 1987) . A. is/andica dominates the biomass of the benthic community below the halocline (~15 m water depth) in Kiel Bay and is an important part of the diet of commercial fish species (Arntz, 1980) . Growth and population dynamics of A. is/andica have been examined recently by Thompson et al. (1980a,b) , Murawski et al. (1982) and Sager & Sammler (1983) but no production estimates have been made. Therefore, the main objective of this paper is to discuss the ecological importance of A. is/andica in Kiel Bay with respect to its biomass and annual production. Data on A. is/andicawere available from two sites in Kiel Bay, from the experimental site "Benthosgarten" (BG) and from the site "Millionenviertel" (MY) in the northern part of Kiel Bay (Fig. 1) .
The experimental set-up at the BG site has been described in detail by Rumohr & Arntz (I982) . Large flower trays made of asbestos cement (40 cm high, with an upper diameter of 150 cm and a lower diameter of 46 cm) were filled with an artificial azoic sediment (washed fine sand + 18% clay), exposed at 20 m water depth and used both for a long-term experiment in benthic colonization and succession and for growth experiments in A. is/andica.The length-frequency distributions of the A. is/andicapopulation, which developed in the trays between 15 December 1976and 18 December 1978, are shown in Fig. 2 . Clams sampled at the MY site were implanted in two additional trays on 15 December 1977 and were resampled 1yr later, on 19 December 1978.
From the implanted clams and from samples taken from the colonized trays, we obtained three sets of length-increment data pairs (i.e., "tagging-recapture" data: LI at II and L2 at (2)of A. is/andica.The first of these was obtained from an additional tray, which received 27 individually marked clams of 45.5-59.5 mm length, i.e., 27 data pairs of L) and L2. The second set was obtained from another additional tray, which was subdivided into quarters and which received four different groups of A. is/andica (Fig. 3) . The examination of these resampled clams showed that most of them had formed one ridge-like growth mark on their shell during exposure. This mark was rather more distinct than older growth bands on the same shell. There was no significant difference (P < 0.01) between mean length at implantation and mean length at the growth mark in any of the four groups, i.e., the mark was formed just after implantation. 189 data pairs of L. and L2 were obtained from these clams. The third set of lengthincrement data was obtained from the colonized trays. Many specimens sampled in 1978 from these containers also showed one distinct growth mark, which was not present in the 1977 samples. We included only specimens sampled in December 1978 to get an interval close to 1 yr between L) and L2. 38 length-increment data pairs were measured.
These three data sets were combined to a single set consisting of254 length-increment data pairs. The interval 12-I) was set at 1 yr for all data.
From the natural A. is/andicapopulation at the MY site (20 m water depth), six dredge samples (10 x 10 mm mesh size) were taken between August 1978 and August 1979 (Fig. 4) . Many smaller specimens found in these samples (~55 mm length) showed external growth bands on their shell similar to those described by Murawski et al. (I982) . The shell surface ofIarger specimens was in general dark brown or black, due to ferrous deposits, and external growth bands were not identifiable. Only in a very few individuals were we able to distinguish clearly more than four or five successive growth 220 T. BREY ET AL. -- bands, due to the poor definition of the bands and due to additional irregular marks (see Discussion). Therefore, we treated succeeding "length-at-growth band" data derived from single specimens not as length-at-age data but as length increments (see above for definition). Based on 142 individuals, we obtained 285 data pairs of L1 and L2, segregated by intervals assumed to be annual.
To get an equal distribution of data over the whole length range available, both length increment data sets were re-arranged in length classes of 1 mm width with respect to L1, and average values for L I and L2 were calculated for each length class (Tables I, II). This procedure was applied to reduce bias when using Fabens' method for the estimation of growth parameters (Chien & Chondrey, 1987, see below) . Bertalanffy, 1938) although there may be a growth function which would fit our data better (e.g., Sager & Sammler, 1983) . We used this growth model because it leads to a straightforward method for the estimation of production (see below):
To estimate the parameters K and La:;of this equation, we applied Fabens' iterative nonlinear least-square method (Fabens, 1965) to the length-increment data sets from both sites (Tables I, II) . According to Sundberg (1984) , this approach is superior to the methods introduced by Gulland & Holt (1959) and Munro (1982) . As a control, we used the Walford plot (Walford, 1946) which can also be applied to tagging-recapture data when the interval between successive lengths is close to 1 yr (Ricker, 1975) .
ESTIMATION OF ANNUAL pfB RATIO AND PRODUCfION
pill ratio and production were estimated for the natural population at the MV site only. We were not able to separate the length-frequency samples of A. is/andica into cohorts, hence methods of calculating production, which are based on age classes, could not be applied. We used two methods which both depend on the growth parameters and the length-frequency distribution of the population in question.
Method 1
Estimation of Pill ratio via estimation of mortality in the steady-state population. Allen (1971) showed that in such a population total mortality Z is equal to the Pill ratio if mortality can be described by a single negative exponential function, and if individual growth follows a Von Bertalanffy function. Z was calculated from a length-converted catch curve (Pauly, 1982-84) . This curve consists of a plot ofln(NiIAt) against ti, where Ni is the number of animals in the i-th length class, At is the time required to grow through this length class and Ii is the relative age of the midlength of length class i. All of these can be computed with a representative length-frequency sample and the growthparameter values K and L'K> of the Von Bertalanffy growth function. Z is estimated by a linear regression fitted to the right descending arm of the catch curve:
If the right arm of the catch curve shows one or more distinct breaks, it is necessary to fit separate regression lines to the different regions of the catch curve. This will result in different estimates of Z for different length ranges of the population. The application of this method to bivalve populations has been described previously by Brey & Pauly (1986) , Brey (1986) and Norte (1988) . 
Method 2
Production calculation via weight-specific growth rate (Method 3A of Crisp, 1984) : (3) where Ni is the number of animals in the i-th length class, Wi is the mean individual weight in the i-th length class, Gi is the weight-specific growth rate of length class i and At is the sampling period.
Mean individual weight was derived from an equation relating length (mm) to AFDW (g), kindly provided by M. Weigelt, Hamburg, FRG: 10g(AFDW) = -5.0098 + 2.9300 * log(length) .
The weight-specific growth rate Gi was derived from the Yon BertalantTy growthcurve parameters K and Loo and the length-weight relationship (Crisp, 1984) :
For both methods, we used the pooled dredge samples (Fig. 4) as a representative length-frequency sample of the A. is/andicapopulation at the MY site. Because the area these samples refer to is not known, we derived only an estimate of the annual p/li ratio with both methods applied but no production figure.
Production was computed by means of the p/li ratio and an estimate of average annual biomass. The long-term average of the biomass of A. is/andica at the MY site is 44.4g AFDW . m-2(median: 1968-85, four stations, 174values), the 95% CL values are 37.3 and 54.2g AFDW'm-2.
For the conversion of measurements of height of A. is/andicato length, we established an empirical length-height (mm) relationship: length = 1.069 + 1.153 * height, n = 35, ,2 = 0.996.
RESULTS
GROWTH OF A. ISLANDICA
The analysis of the length-increment data from the BG and MY sites led to quite ditTerentvalues of the parameters of the Yon BertaiantTygrowth function for both sites. --
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MORTALITY, P/B RATIO AND PRODUCfION AT MV SITE

Method 1
The length-converted catch curve for the A. is/andica population at the MV site (Fig. 7) shows two distinct breaks in its descending arm at the relative ages of 7. (38 mm length) and 11.5 yr (52 mm length), which separate the population into three groups: Group I < 38 mm length, Group II 38-52 mm length and Group III > 52 mm length. Z was estimated at 0.457 for Group I, at 0.060 for Group II and at 0.923 for Group III by separate regression lines (Fig. 7) . From the pooled length-frequency data and the length-weight regression (Equation 4), we calculated the distribution of biomass among the three groups of A. is/andicaat the MV site: Group I 36%, Group II 47% and Group III 17%, which is equal to 16.0,20.9 and 7.5 g AFDW' m -2, respectively (total = 44.4 g AFDW . m -2). Annual production of the three groups is calculated at:
Group I «38 mm):
Group II (38-52 mm):
Group III (> 52 mm): The sum of these three values represents total annual production (P = 15.5 g AFDW . m -2. yr -I) which leads to an overall annual pili ratio of 0.35.
Method 2
By means of the second approach, we derived an estimate of the annual p/jj ratio of 0.32. With the 1968-85 average biomass of 44.4 g AFDW . m -2, the annual production is calculated at: P= 0.32*44.4 = 14.2gAFDW'm-2'yr-l.
On the average, the annual pili ratio is estimated at 0.34 and the annual production at 15.1g AFDW' m-2. yr-I. Withrespectto the 95% CL valuesofB, the limitsof the annual production P are estimated at 12.7 and 18.4 g AFDW' m -2. yr-I, respectively.
The growth-curve parameters estimated here may be biased to some extent due to limitations of our data.
At the BG site, the annual length increment in A. is/andica is twice as high in specimens of < 30 mm than at the MY site but this difference decreases with increasing length ( ::::;; 44 mm). This observation could be explained by the experimental set-up at the BG site which may have provided different conditions to the different groups of clams. In general, the surface of the containers was~40 cm above the surrounding sediment. This situation may have offered an improved food supply as well as better oxygen conditions to all specimens. However, if the growth rate of A. is/andica is density-dependent -as considered by Murawski et al. (1982) -the low biomass in the experimental trays during the colonization experiment may have offered very favourable conditions to the young colonizing clams, which could have led to rapid growth. On the other hand, the density of the implanted clams in the second additional tray was 120ind' m -2, which is twice the average abundance at the MY site (see below). Additionally, the large implanted clams (>45 mm) may have been affected negatively by the marking procedure.
The nonrandom distribution of the residuals (Fig. 6a) indicates systematic deviations of the length increments from the growth curve, which may be related to the different groups of clams included. Growth in these different groups may be better described by separate growth functions. Therefore, the BG site growth curve (K = 0.348 . yr -1, Loo = 60.6 mm) is assumed to be biased due to artificial conditions and is not used further below.
It is evident from these observations that the set-up of growth experiments may have significant effects on the experimental animals, which can result in a large change in growth in comparison to the natural population living in a particular area. With respect to the MV site, the length-increment data (Table II) do not cover the whole length range of this population, for which representatives of ::::; 74 mm length can be found. However, the data included here are the best data available for A. is/andica from Kiel Bay because it seems to be impossible to get reliable estimates of age for larger specimens. Even, the acetate peel technique (e.g., Ropes, 1984; Ropes et al., 1984) does not allow for accurate ageing in Baltic specimens because the internal growth lines are poorly defined (J. W. Ropes, pers. comm.) . Additionally, there may be irregular lines caused by environmental factors such as anoxic conditions during summer. On the other hand, both methods led to identical growth parameter estimates with a correlation coefficient close to 1 and there were no systematic deviations in the residuals (Fig. 6b) .
So, the growth curve obtained for the MV population (K = 0.07 .yr -I, La;) = 94 mm) may be an accurate representation of the population growth curve, at least for clams of ::::; 55 mm length.
An unpublished analysis of clams sampled in an area south of the MV site in 1988 led to very similar growth parameter estimates (K = 0.074' yr -I, La;)= 91 mm). Therefore, we suggest that the growth curve derived here for the MV site is representative for the greater part of Kiel Bay.
The comparison of the growth curve of the MV site population in Kiel Bay with growth curves calculated by Murawski et al. (1982) Sound and Sager & Sammler (1983) for populations at different Atlantic locations (data from shows quite similar growth increments for the first 20 yr of life (Fig. 8) . After 25 yr of life,A. is/andicawould theoretically have grown to a mean length of 77 mm in Kiel Bay. However, the largest clam ever-recorded measured 74 mm. In contrast, individuals of the Atlantic populations may reach an age of > 100 yr and a length of > 100mm Murawski et al., 1982) . Modal age of the Middle Atlantic populations is 65-100 yr whereas in Kiel Bay modal age is < 10 yr. This may be due either to a physiological limit of size for this species in Kiel Bay, possibly related to the mesohaline environment with strong hydrographic fluctuations and periodic O2 deficiency, or due to a higher mortality of A. is/andica in this area.
MORTALITY, pfli RATIO AND PRODUCTION
Although the length-frequency samples from the MV site (Fig. 4) indicate strong spatial heterogeneity, we assume the sum of all samples (8183 ind) to be representative for the part of the population of > 20 mm individual length. Therefore, the two breaks in the catch curve (Fig. 7) may be due either to changes in recruitment with time or to changes in mortality with age.
The observed breaks could be caused by an extraordinarily strong recruitment of one of the age classes of 8-10 yr of relative age. In this case, a single regression line would give a better approximation of Z and pili. It would be 0041for the whole population, which is slightlyabove the value estimated with separate regression lines (0.35). A strong recruitment ::::: 9 yr ago should be detectable in the long-term data set (1968-85) on A. is/andica. In that year, abundance should be markedly higher and average individual weight should be lower than in previous years. During the following years, there should be a decrease in abundance and an increase in average weight. However, neither If the breaks in the catch curve are due to age-related changes in mortality, then there are three distinct life stages with different mortality rates. Mortality is high in small specimens, low in specimens of medium size and high again in large specimens. Similar life-history patterns have been described for various benthic animals. In all of these cases, young animals suffered from predation and old animals from senility, whereas mortality of the medium aged part of the population was lowest because these animals were protected against predation, e.g., by deep burrows like the crustacean Ca/aearis macandreae (Buchanan & Warwick, 1974) .
With respect to A. is/andiea,these changes in mortality may be related to a hypothesis developed by Arntz & Weber (I 970) the postwar increase in otter-board trawling. In the stomachs of the fish, the authors found, beside small clams (O-group)with shells, only the soft parts of larger clams but without the adductor muscle and the mantle edge. From a few experiments, Arntz & Weber (1970) conclude that not even adult cod are able to break the shell of A. islandica. Based on observations made by divers, they assume that the clams, which have very short siphons and livejust below the sediment-water interface, are ploughed out of the sediment and damaged by the otter-boards, which makes the soft parts available for the demersal fish. The dilTerencebetwecn the back-calculated average length of ingcsted clams (46 mm) and the average length of the population (~25 mm) may indicate that the probability of being damaged by an otter-board is increasing with length for a single individual. In summary, the observed catch curve may be explained as follows. The mortality due to the ingestion of complete clams including shell decreases with age and the mortality due to otter-board damage increases with age. These two trends of opposite direction lead to a minimum in mortality at intermediate age.
Although our estimate of annual p/li ratio (0.34) refers only to data from 1978/79 whereas the average annual biomass refers to data from 1968-85, we assume our estimate of production (15 g AFDW' m -2. yr-I) to be a reasonable long-term average because there are no trends in the biomass of A. islandicathroughout 1968-85. However, during years with periods of O2 depletion below the halocline in Kiel Bay, like 1981/82 (Weigelt & Rumohr, 1986) , growth and production of A. islandica may be reduced seriously although this species is able to survive extended periods of O2 deficiency (Dries & Theede, 1974) . During years with very favourable abiotic conditions, production may be substantially higher than the long-term average.
We assume not only the growth function (see above) but also the estimate of the p/li ratio from the MV site to be representative for Kiel Bay and usable for rough estimates of production in the whole area below the halocline (~15 m water depth). The average biomass of A. islandicain this area is~18.4 g AFDW' m -2 (Arntz & Brunswig, 1975) .
With a p/li ratio of 0.34, annual production would amount to 6.3 g AFDW . m -2 for the whole area. This area below the haloclineis~1700km2 (Babenerd & Gerlach, 1987) , so the total production of A. islandica in Kiel Bay is~10700 t AFDW .yr -I.
ECOLOGICAL SIGNIFICANCE OF A. ISLANDICA IN KIEL BAY
Below the halocline, A. islandica is the most important species in Kiel Bay with respect to biomass as well as production although the benthic community inhabiting this area is traditionally called the "Abra alba community" (Petersen, 1918) . At the MV site, A. islandica shows the highest biomass (44.4g AFDW.m-2) and most likely the highest production (15 g AFDW .m-2) of all macrobenthic species present.
In comparison, the second important bivalve species at the MV site, the bivalve A. alba, has a mean annual biomass of 1.6g AFDW' m -2 and an annual production of~3.1 g AFDW' m -2 (Rainer, 1985; 1975-78) .
For the whole area below the halocline (but with A. islandica excluded), Arntz & 
